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Abstract DOCK8 deficiency is a primary immunodeficiency characterized by recurrent sinopul-
monary infections, dermatitis with cutaneous infections, elevated serum IgE levels, eosinophilia,
and a high incidence of food allergy. Given the seriousness of DOCK8 deficiency, it is important to
recognize it early and initiate appropriate therapy. Diagnosis relies on examining DOCK8 protein
expression and sequencing of the 48 exons in the DOCK8 gene, but these assays are not always
readily available. A major problem facing clinicians is that DOCK8 deficiency shares many clinical
and laboratory features with severe atopic dermatitis. Here, we have identified biomarkers
routinely measured by flow cytometry on whole blood in clinical immunology laboratories that
may be used in distinguishing DOCK8 deficiency from severe atopic dermatitis. The use of these
biomarkers may help the clinician identify those patients who are most likely to have DOCK8
mutations and would benefit from further specialized diagnostic testing.
© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Autosomal recessive hyper-IgE syndrome is a primary immuno-
deficiency caused bymutations in the dedicator of cytokinesis-8
(DOCK8) gene. It is characterized by recurrent sinopulmonary
infections, cutaneous viral infections, dermatitis, elevated
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serum IgE levels, eosinophilia, a high incidence of food allergies,
and early development of squamous cell carcinomas and
lymphoid malignancies [1–3]. There is a growing consensus
that hematopoietic stem cell transplantation should be per-
formed early for DOCK8 deficient patients before irreversible
complications, including tissue damage and the development of
malignancy, occur. Given its seriousness, it is important to
recognize DOCK8 deficiency and treat it early, especially since
hematopoietic stem cell reconstitution from normal allogeneic
donors has proven to be curative [4–10].

Since most of the patients with DOCK8 deficiency lack
DOCK8 protein expression [1,3], the diagnostic approach
is immunoblotting for DOCK8 in cell lysates followed by
confirmatory sequencing of the DOCK8 gene. Since immuno-
blotting is not available at all centers, samples are often
sent to interested research laboratories. The majority of
DOCK8 deficient patients have been identified in Middle
Eastern countries with high degrees of consanguinity [2,11–14].
Most of the centers in this region rely on shipping samples to
laboratories in Europe or the United States for laboratory
confirmation of the clinical diagnosis of DOCK8 deficiency. In
our experience, protein degradation in blood cells often occurs
during the shipping process. To circumvent this limitation, we
derive Epstein–Barr virus transformed cell lines and use them
for immunoblotting, which is time consuming and requires
tissue culture facilities. Furthermore, sequencing of the DOCK8
gene is onerous due to its large size with 48 exons and is
performed only at a few centers.

A major problem facing clinicians is that DOCK8 deficien-
cy shares clinical and laboratory features with severe atopic
dermatitis (AD); therefore, patients with DOCK8 deficiency
may be misdiagnosed as having severe AD. Conversely,
patients with severe AD may be unnecessarily subjected to
diagnostic investigations that consume scarce resources.
Given that AD affects N10% of children and severe AD affects
approximately 0.5% of all children [15], the costs involved in
using genetic diagnosis alone to distinguish between severe
AD and DOCK8 deficiency are potentially prohibitive. In this
study, we examined two cohorts of childrenwith an established
genetic diagnosis of DOCK8 deficiency or severe AD to test the
hypothesis that aberrations in lymphocyte subsets evaluated by
flow cytometry on whole blood would distinguish between
these two groups.

2. Material and methods

2.1. Patients

DOCK8 deficient patients were referred to us through the
International Consortium for Immunodeficiency, a collabo-
rative network of primary immunodeficiency centers in the
Middle East and North Africa where consanguineous mar-
riages are frequent. Blood samples either were obtained from
patients during their evaluation at Boston Children's Hospital
or were shipped from collaborators for analysis within 48 h. All
DOCK8 deficient patients had sequencing of their DOCK8 gene
performed and had deleterious mutations or deletions identi-
fied (Supplemental Table I). Blood samples from AD patients
were obtained during routine visits to the Atopic Dermatitis
Center at Boston Children's Hospital. AD severity was deter-
mined using the Rajka–Langeland scoring system [16].

Those with moderate or severe AD (scores ≥5) were included
(Supplemental Table I). Patients' consent was obtained,
and samples were collected according to institutional IRB
guidelines.

2.2. Evaluation of lymphocyte subsets

Flow cytometry was used to measure the percentages of
lymphocyte populations in whole blood using the monoclonal
antibody conjugates listed in Supplemental Table II. The per-
centage of each patient's lymphocyte subset was compared
with normal control ranges for age that have either been
published [17,18] or established independently in the Boston
Children's flow cytometry laboratory.

2.3. Statistical analysis

Fischer's exact test was used to compare the fraction of
patients in the DOCK8 and AD patient groups for whom the
individual lymphocytes subsets fell outside the normal range
for age in the same direction. In addition, the odds ratio and
95% confidence interval were calculated using GraphPad
Prism (San Diego, CA).

3. Results

3.1. T cell subsets

The distribution of individual T lymphocyte subsets in the
DOCK8 deficient and AD group of patients relative to the
normal range for age is shown in Table 1. A significantly higher
fraction of DOCK8 deficient patients had percentages of CD3+,
CD4+, and CD8+CD45RA+CCR7+ naïve T cells below the normal
range compared to patients with AD. The difference in the
fraction of DOCK8 deficient and AD patients with percentages
of total CD8+ cells outside the normal range for age was
not statistically significant. In addition, when we examined
CD4+ subsets (CD45RA+CCR7+ naïve, CD45RA−CCR7− effector
memory, CD45RA−CCR7+ central memory, and CD45RA+CCR7−

exhausted effector memory), no significant difference was
seen. Therewas a trend towardsmore DOCK8 deficient patients
having elevated percentages of CD8+ memory and exhausted
effector memory cells (TEMRA), however this difference was not
significant in the number of patients we studied.

3.2. B cell subsets

The distribution of individual B lymphocyte subsets in the
DOCK8 deficient and the AD groups of patients relative to
the normal range for age is shown in Table 1. The difference
in the fraction of DOCK8 deficient and AD patients with
percentages of CD19+ B cells outside the normal range for
age was not statistically significant. A significantly higher
fraction of patients with DOCK8 deficiency had percentages
of CD19+CD27− naive B cells and CD19+CD24hiCD38hi transi-
tional B cells above the normal range compared to patients
with AD. Conversely, a significantly higher fraction of DOCK8
deficient compared with AD patients had decreased per-
centages of CD19+CD27+IgD+ unswitched memory B cells and
CD19+CD27+IgD− switched memory B cells. There was not a
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significant difference in the percentages of plasmablasts
between the two groups.

3.3. Odds ratios

We next calculated the odds ratio for the seven lymphocyte
subsets for which the DOCK8 deficient and AD groups sig-
nificantly differed (Table 2). This analysis showed that when
all seven subsets are out of the normal range, the odds ratio
is 26.3 (9.4–73.4) in favor of a DOCK8 diagnosis. When only
the four B cell subsets that differed between the patient
groups were analyzed, the odds ratio was 33.1 (8.6–127.2)
in favor of a DOCK8 diagnosis.

4. Discussion

We have identified a set of biomarkers measured by flow
cytometry on whole blood that distinguishes DOCK8 defi-
ciency from severe AD. The use of these biomarkers will help
the clinician, with access to a standard clinical immunology
flow cytometry laboratory, distinguish between DOCK8 defi-
ciency and severe AD.

The percentage of CD3+ and CD4+ T cells and CD8+CD45RA+

CCR7+ naïve T cells, three of eight T cell subsets that are
routinely measured in a clinical immunology laboratory on

whole blood, was found to be significantly more likely to be
outside the normal range in DOCK8 deficient patients than in
AD patients. All three discriminating T cell subsets were more
likely to be below the normal range in DOCK8 deficient
patients than in AD patients. The decrease in CD3+ total T cells
and CD4+ T cells is consistent with previous findings that

Table 1 Evaluated lymphocyte subsets.
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Table 2 Odds ratios for lymphocyte subset and group
analysis.

Odds ratio 95% confidence
interval

CD3+ T cells 15 0.7–320.9
CD4+ T cells 28.3 1.3–618.4
Naïve CD8+ T cells
(CD8+CD45RA+CCR7+)

47.7 1.6–1424

Naïve B cells (CD19+CD27−) 14.7 1.2–185.4
Unswitched memory B cells
(CD27+IgD+)

115 4.1–3216

Switched memory B cells
(CD27+IgD−)

27.5 2.0–379.1

Transitional B cells
(CD19+CD24hiCD38hi)

21 0.78–564.6

All 7 subsets above 26.3 9.4–73.4
B cell subsets 33.1 8.6–127.2
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the percentages of CD4+ T cells, the major T cell subset, is
significantly lower in patients with DOCK8 deficiency as well in
DOCK8 deficient mice [2,10–12,19–21]. The decrease in
peripheral CD4+ T cells in DOCK8 deficient mice was shown to
be due to poor survival of mature DOCK8 deficient CD4+ T cells
compared with wild-type T cells [21]. The decrease in the
percentage CD8+CD45RA+ CCR7+ naïve T cells in the presence
of normal percentages of CD8+ T cells is consistent with
previous findings [20,21]. It likely reflects the increase in the
percentage of CD8+CD45RA+ CCR7− TEMRA cells previously noted
in DOCK8 deficient patients [20], which was also observed in
our study. However, an abnormal percentage of TEMRA cells did
not discriminate between DOCK8 deficient and AD patients in
our study, possibly because the percentage of TEMRA cells was
also outside the normal range in some AD patients.

When the B cell percentage was measured in whole blood,
there was no significant difference between the fraction of
DOCK8 deficient patients and AD patients with percentages
outside of the normal range. However, the percentage of all
four B cell subsets that are routinely measured in a clinical
immunology laboratory was found to be significantly more
likely to be outside the normal range in DOCK8 deficient
patients than in AD patients. Both subsets of memory B cells,
the CD27+IgD+ unswitched memory B cells and the CD27+IgD−

switched memory B cells, were significantly more likely to be
below the normal range in DOCK8 deficient patients than in AD
patients. A low percentage for both subsets has been reported
in DOCK8 deficient patients and is consistent with the impaired
antibody response in these patients [14,22]. The majority of
the CD27+IgD+ unswitched memory B cells are thought to be
marginal zone (MZ)-like B cells [23]. The presence of low
numbers of MZ B cells is well documented in DOCK8 deficient
mice [19]. MZ B cells are the major producers of antibodies to
polysaccharide antigens [24]. The decrease in MZ-like B cells in
DOCK8 deficient patients is consistent with the impaired
response of these patients to bacterial polysaccharide antigens
and their susceptibility to infectionwith encapsulated bacteria
[3,14]. The decrease in CD27+IgD− switched memory B cells
in DOCK8 deficient patients is consistent with their well
document impaired memory responses to commonly given
vaccines [12–14].

Very recently, a single diagnostic laboratory started offering
a flow cytometry assay for DOCK8 expression using a commer-
cially available mAb to DOCK8 (http://www.seattlechildrens.
org/research/immunity-and-immunotherapies/immunology-
diagnostic-laboratory/ December 15, 2013). We have also
developed a flow cytometry assay for DOCK8 expression in
lymphocytes using a commercially available mAb, and demon-
strated that this assay discriminates readily between normal
individuals and DOCK8 deficient patients who are known
to lack DOCK8 expression as determined by immunoblotting
(S. Pai et al.: manuscript submitted). Although this assay is
highly specific, it has several limitations. First, its availability
will be restricted to laboratories that are proficient in
performing intracellular staining, an expertise not readily
available in countries where DOCK8 deficiency is more
common. Second, the flow cytometry assay for DOCK8 will
not be useful in the few DOCK8 deficient patients with a
missense mutation in DOCK8 and near normal expression of
the mutant DOCK8 protein as determined by immunoblot-
ting of lysates from peripheral blood mononuclear cells.
Third, and most importantly, the assay may not be useful for

testing shipped blood samples in which extensive degrada-
tion of normal DOCK8 protein can occur as evidenced by
immunoblotting.

In summary, a lymphocyte profile on whole blood of CD3+

and CD4+ T cell lymphopenia and decreased naive CD8+ T
cells, along with a preserved total B cell percentage in
conjunction with a decrease in memory B cells is strongly
suggestive of DOCK8 deficiency rather than AD in a patient
with severe eczema. The use of these biomarkers, which are
readily measured using whole blood in a standard clinical
immunology laboratory, may help the clinician identify
those patients who are most likely to have DOCK8 mutations
and who would benefit from further diagnostic testing by
immunoblotting and/or DNA sequencing, thus saving scarce
and costly resources.

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.clim.2013.12.006.
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